ABSTRACT
Introduction

25
Chiral pesticides comprise an important group among the chiral organic compounds that The question of whether enantioselective sorption to mineral and organic components can 
64
A number of reasons may explain the apparent difficulty to obtain experimental evidence 65 for the enantioselectivity of the soil sorption process of chiral compounds and its effect on 66 pesticide enantiomer availability. Even though enantiomers may actually differ in their 67 affinities for chiral soil constituents, differences can be too small to be measured, as it occurs 68 with other enantiomer-selective properties (Smith and March, 2007 at which sorption is measured by batch equilibration procedures.
82
In a previous study, we conducted batch sorption experiments to investigate the 83 enantioselectivity of the soil sorption process for the chiral fungicide metalaxyl, not only from 84 racemic, but also from non-racemic initial solutions containing different R to S enantiomer The objectives of the present study were: i) to employ a batch sorption methodology with 100 direct determination of the sorbed amounts, to estimate the sorption coefficients for individual 101 metalaxyl enantiomers on soil from racemic and non-racemic aqueous solutions, and ii) to 
Chemical and soil
108
The racemic and non-racemic forms of metalaxyl used in this study, Rac-metalaxyl and The soil used was a sandy clay loam agricultural soil sampled from an olive orchard or soil pore volume (V p-soil ) was found to vary in the small range of 30.0 ± 1.5 mL. The "extra 166 soil" pore volume of each column (V ext ) was calculated from the difference between its total 167 column pore volume (V p-col ) and the soil pore volume (V p-soil ).
168
Once saturated, the columns were immediately treated with Rac-metalaxyl or Metalaxyl-169 M at a rate of 100 kg/ha (7.5 mg). In addition, we also studied the leaching of Metalaxyl-M 170 and of the pure S-and R-metalaxyl enantiomers at an application rate of 20 kg/ha (1.5 mg).
171
Rac-metalaxyl and Metalaxyl-M were applied to the surface of the columns dissolved in a 172 small amount of methanol (≤ 1 mL) which was allowed to evaporate for 3 h, whereas the 173 9 purified S-and R-metalaxyl enantiomers were applied as 6 mL of the pure enantiomer 174 aqueous solutions (250 mg/L).
175
The columns were eluted by conducting daily five additions of 12 mL of distilled water at explain the small differences in C s (and K d ) determined by the indirect and direct methods.
214
Data in Table 1 evidence that for Rac-metalaxyl the R enantiomer was sorbed to the same 215 extent as the S enantiomer. The distribution coefficients of both enantiomers were identical 216 (Table 1 ) and the fungicide in solution remained racemic (EF= 0.500 ± 0.001) after 217 equilibration with the soil (Table 3 ). The direct method confirmed the racemic nature of the we also observed enantioselective sorption of metalaxyl to soil particles, but in this case the S-
251
enantiomer was sorbed to a greater extent than the R enantiomer (see Table S1 of the 
Column leaching experiment
258
To confirm the enantiomer-selective sorption for Metalaxyl-M on the soil, a column 259 leaching experiment was designed. Our hypothesis was that if the R-enantiomer was actually 260 preferentially sorbed over the S-enantiomer, then it should show enhanced retardation in a 261 standard soil column leaching experiment, i.e. it should elute later than the S-enantiomer.
262
Enhanced retardation of the R enantiomer would also constitute a direct evidence that sorption enantioselective, enantioselectivity was evident for Metalaxyl-M (Fig. 2) . The BTCs of the R 276 enantiomer were broader and the maximum concentration appeared at higher elution volumes 277 compared to the S enantiomer, strongly indicating that the enhanced sorption of the R-278 enantiomer retarded its leaching through the soil column ( Fig. 2 and Table 4 ). These effects any, during the experiment (Table 4) . Interestingly, the BTCs of the purified S-and R- during leaching using the equation (Rao et al., 1985) : 
Environmental implications and concluding remarks 314
The direct link between enantiomer-selective sorption and availability shown in this work 315 has very important implications, as it demonstrates that not only biotic, but also abiotic 316 processes can affect the chiral signatures of pesticides and related compounds in 317 environmental samples. This is clearly illustrated in Fig. 3 , where it can be seen that soil demonstrated that biodegradation played a minor role during our experimental conditions.
324
This was in fact the case of leachates from columns treated with Rac-metalaxyl, which 325 presented a constant EF value equal to that of the added pesticide (EF= 0.500, Fig. 3 ).
326
The results of the present work, along with additional existing data suggesting that 327 enantioselective sorption from non-racemic metalaxyl solutions can also occur on purified 328 soil components (Hall, 2012; Celis et al., 2015) and on different soil types (see Table S1 in Table 1 Overall and individual enantiomer batch sorption data for Rac-metalaxyl on soil. Table 2 Overall and individual enantiomer batch sorption data for Metalaxyl-M on soil. Summary of S-and R-metalaxyl column leaching data extracted from the breakthrough curves c Not determined.
Table S2
Summary of S-metalaxyl and R-metalaxyl column leaching data extracted from the breakthrough curves (BTCs) obtained after their application to sandy clay loam soil columns as pure enantiomers. 
